BACKGROUND/OBJECTIVES: Low vitamin D status during pregnancy may be associated with infant skeletal growth. However, evidence on the longer-term effect is limited. This study aims to assess the association between maternal vitamin D status in early pregnancy and markers of linear growth (height, leg length and relative leg length) of the child at age 5-6 years. SUBJECTS/METHODS: A subsample of data from the Amsterdam Born Children and Development (ABCD) study was used. Ethnic Dutch pregnant women and their children (n ¼ 1208) were included. Maternal serum vitamin D level was determined at first antenatal visit (median 13 weeks, interquartile range: 12-14). We investigated the association of maternal vitamin D, corrected for season, with height, leg length and relative leg length at age 5-6 years. RESULTS: Linear regression analyses showed no significant association between maternal vitamin D levels (nmol/l) and height (cm) (B ¼ À 0.006; P ¼ 0.205), leg length (cm) (B ¼ À 0.002, P ¼ 0.540) or relative leg length (%) (B ¼ 0.001; P ¼ 0.579). Adjustment for potential confounders (parental heights, maternal educational level, alcohol use during pregnancy, child sex, child age at measurement and child screen time) did not change these results. CONCLUSIONS: Maternal vitamin D level was not associated with early linear growth in children. Other factors, such as parental height, appear to be more important.
INTRODUCTION
Vitamin D is a prohormone that can be obtained from dietary sources and through endogenous skin synthesis after exposure to ultraviolet sunlight. Environmental factors that alter the action of sunlight on the skin include latitude, season and time of day. Personal factors limiting the production of vitamin D are age, a pigmented skin, use of sunscreen and wearing concealing clothing.
1,2 A high prevalence of suboptimal vitamin D levels among apparently healthy children, adolescents and adults is observed worldwide, 3 and particularly in pregnancy, because of the increased needs of the fetus, the risk of low vitamin D status is high. 4, 5 Increasing evidence suggests that maternal vitamin D status in pregnancy may influence offspring bone health and bone growth. 6 Low maternal vitamin D levels have been linked to reduced bone mineral content in newborns 7 and in children at age 9 years. 8 Results concerning linear growth, however, are inconclusive. There are studies that show an association between maternal vitamin D levels and growth outcomes in infancy, such as length at birth, 9 knee-heel length at birth 10 and measurements of length during the first year of life. 11, 12 Several other studies, however, could not confirm these associations. [13] [14] [15] [16] [17] Very few studies have examined the longer-term effects. [18] [19] [20] Of these, only one study 18 reported leg length, which is considered a relevant indicator of prepubertal growth 21 and an important antecedent of disease outcomes in adulthood, such as coronary heart disease, cancer and diabetes. [22] [23] [24] [25] However, none of the studies observed significant associations with child's body size, whether they assessed these outcomes in relation to maternal vitamin D intake 18 or status. 19, 20 A potential explanation for these null results could be that all three studies focused on maternal vitamin D in late pregnancy (that is, X28 weeks). Although the fetal need for nutrients may be greatest during late gestation, this need may be established by conditions influencing the growth trajectory that was set during the early phases of fetal life. 26 Consequently, maternal vitamin D status during early pregnancy may be more relevant to linear growth.
This study aims to assess the association between maternal vitamin D status in early pregnancy and markers of linear growth (height, leg length and relative leg length) of their children at the age of 5-6 years. Data were used from ethnic Dutch pregnant women and their children, who participated in a large populationbased cohort study (ABCD study).
SUBJECTS AND METHODS

Study population and design
Data from the Amsterdam Born Children and their Development (ABCD) study were used. This prospective population-based cohort study aims to assess the extent to which maternal conditions during pregnancy and early-life conditions explain the child's health at birth as well as in later life. Detailed information on the study design has been published elsewhere. 27 In summary, between January 2003 and March 2004, all pregnant women living in the city of Amsterdam were approached for participation at their first antenatal visit to their obstetric caregiver (n ¼ 12 373). They received a self-administered questionnaire through which information on obstetric history, lifestyle, socio-demographic and psychosocial factors was obtained (response rate 67%). Of these 8266 participants, 53% agreed to take part in the biomarker study and donated an additional blood sample during routine blood collection following their first antenatal visit. Three months after delivery, the mothers were asked to complete a questionnaire covering the baby's health as well as the mother's health during and after pregnancy. Birth outcomes (infant sex, birth weight and duration of pregnancy (based on ultrasound or on the first day of the last menstrual period)) were extracted from the Child Health Care registration. During the follow-up phase at age 5-6 years, participating mothers (n ¼ 6161) provided information on the children's health, behaviour and development by a self-administered questionnaire. In addition, the children underwent a health check, in which several physical and cognitive measurements were carried out. For those children who participated in the health check, mothers were also asked to complete a validated food frequency questionnaire covering 71 food items to assess the child's diet during the previous 4 weeks. 28 In the present subsample, we included only Dutch women participating in the biomarker study and their offspring (n ¼ 2591). Other ethnic groups (n ¼ 1798) were excluded from the present analysis, because of significant differences in serum vitamin D levels and linear growth patterns that exist between the various ethnic groups. 12, 29 A woman was considered to be from Dutch origin if she and her mother were born in The Netherlands. After exclusion according to the exclusion criteria (see Figure 1) 
Outcome variables
Outcome variables used in the present study included height, leg length and relative leg length measured at the 5-6-year follow-up survey. Anthropometric measurements, performed by trained research assistants, were taken with the children wearing only their underwear. The child's height was assessed using a Leicester portable height measure (Seca, Hamburg, Germany) to the nearest 0.1 cm. 30 Measurements on sitting height were obtained while the child was sitting on a standard measurement stool. Leg length was calculated as the difference between height and sitting height. Relative leg length was defined using leg length as a percentage of height. 25 
Potential confounders
Covariates were obtained from the pregnancy, infant and child questionnaires, as well as from the food frequency questionnaire and ABCD health check. Parental factors considered for confounding included paternal and maternal height (cm), maternal pre-pregnancy BMI (kg/m 2 ), maternal age (years), parity (0, X1), maternal educational level (years of education after primary school: o6, 6-10 and 410 years) as a proxy for socio-economic status, maternal smoking (yes, no) and maternal alcohol use (yes, no) during pregnancy. We chose to dichotomize the variables for smoking and alcohol, as only 1% of the mothers reported consuming X1 glass of alcohol and only 5% reported smoking X1 cigarette. Infant nutritional factors were duration of exclusive breastfeeding (o1, 1-3 and 43 months) and use of droplets containing vitamin D (yes, no). Child nutritional factors at age 5-6 years included total intake of milk products (o2, 2-3 and 43 products per day) and total intake of margarines on bread (o1, 1-3 and 43 slices per day), as these might be important sources of calcium and vitamin D intake in Dutch children. 31 Variables related to the child's physical activity included time spent on playing computer games and watching television or videos (child screen time: 42, 1-2 and o1 h per day), sports participation (o1, 1 and 41 h per week) and average hours of playing outside (o1, 1-2 and 42 h per day). Missing information for parental height and maternal weight was completed by means of a random imputation method with the use of linear regression models. 32 Birth weight was standardized for duration of pregnancy, sex and parity.
Statistical analysis
After descriptive analyses of the exposure, outcome and potential confounding variables, linear regression analyses were performed to assess the association between maternal vitamin D level and linear growth of the child at age 5-6 years. The crude model included only season of blood sampling. Model 1 additionally included the child's age at measurement and child's sex. Model 2 included additional confounders. We considered only those variables that were associated with vitamin D and height, leg length or relative leg length (cut-off value P ¼ 0.10) as confounders. No adjustments were made for gestational age at birth and standardized birth weight, as these variables were considered mediators in the relationship between maternal vitamin D status and child height, leg length or relative leg length. We did not include measures of first year length, as such measures would be precedents of the outcome variables and thus mediators in the association. We also did not include vitamin D supplement use during pregnancy, as this is a factor preceding the exposure (that is, higher supplement use leads to higher vitamin D concentrations). Analyses were conducted using SPSS version Biomarker study n 4389
Dutch women in biomarker study n 2591
Reliable vitamin D measurement n 2517
Term singleton Dutch children n 2248 w/ questionnaire n 1662 w/ permission n 1591
Children with data on height and relative leg length at age 5-6 n 1229
Excluded dietary restrictions interfering with growth (n 21) Figure 2 shows no clear positive trend in height, leg length or relative leg length at higher levels of maternal vitamin D. We did not observe marked differences between the seasons for the studied associations (PX0.621), neither was there a statistically significant interaction for gender (PX0.151).
Of all potential confounders, only paternal and maternal height were statistically and significantly related to both maternal vitamin D levels and the child's height (Po0.10) ( Table 2 ). Maternal and paternal height, maternal education, alcohol use during pregnancy and child screen time were all associated with both maternal vitamin D and leg length or relative leg length at age 5-6 years (Po0.10).
Crude regression analyses showed no relevant differences in height (cm) (B ¼ À 0.006; P ¼ 0.205), leg length (cm) (B ¼ À 0.002; P ¼ 0.540) or relative leg length (%) (B ¼ 0.001; P ¼ 0.579) associated with maternal vitamin D level (Table 3) . Adjustment for the potential confounders did not considerably change these results.
DISCUSSION
In this population of pregnant Dutch women, we found no association between maternal vitamin D status in early gestation and height, leg length or relative leg length of the child at the age of 5-6 years.
Evidence of effects of maternal vitamin D status during pregnancy on linear growth in children is limited. Most previous research has been conducted among infants, with inconclusive results. [9] [10] [11] [12] [13] [14] [15] [16] [17] Most studies reported no effects on fetal or infant markers of linear growth; [13] [14] [15] [16] [17] however, two intervention studies among pregnant women from Asian descent and previous observations within our own multiethnic cohort did indicate a relation between vitamin D and infant growth. Marya et al. 9 reported an increased birth length among infants born to vitamin D-supplemented mothers in India during the last trimester compared with the control group. However, this study has been criticized for not giving information on methods of randomization and blinding of outcome assessors. 33 In a double-blind trial among Asian women in Britain, vitamin D supplementation during the third trimester of pregnancy increased maternal vitamin D status. Although no differences in length at birth were found, 34 follow-up measurements showed greater lengths at 9 and 12 months among infants in the treated group compared with those in the control group. 11 In the ABCD study, we previously observed that maternal vitamin D deficiency in early pregnancy was related to a smaller mean length 1 month after birth and a pattern of accelerated growth during the first year of life. 12 However, in the current study we did not find any longer-term effects.
Our study is the first study to examine the association of linear growth in childhood with maternal vitamin D in early pregnancy, that is, around the thirteenth week of gestation. One of the few previous studies that examined long-term effects focused on maternal vitamin D intake in late pregnancy, 18 but it has been shown that dietary intake is a relatively minor contributor to vitamin D status. 35 The two other studies on long-term effects measured maternal vitamin D status, but also in late pregnancy (X 28 weeks). 19, 20 At this stage it is unclear how vitamin D levels change during pregnancy, 36 and there remains discussion about 37 It has been suggested that the fetal need for nutrients may be greatest during late gestation, but this need may be established by conditions influencing the growth trajectory that was set during the early phases of fetal life. 26 Given the null results in our study as well as previous studies, future research should focus on longitudinal measures of vitamin D to help establish the changes in vitamin D ref.
ref.
Alcohol during pregnancy Yes ref.
Child characteristics at age 5 years Screen time 42
h/day A number of other potential explanations for the lack of association in our study can be put forward. First, in our subsample of healthy Dutch pregnant women, the prevalence of vitamin D deficiency (o30 nmol/l) 38 was only 7.3%. Morley et al.
10
also observed no associations with offspring crown-heel length and knee-heel length at birth in a Caucasian population of pregnant women with a comparable prevalence of vitamin D deficiency. Similarly, Gale et al. 19 failed to show significant effects of maternal vitamin D status during pregnancy on height, in school-aged Caucasian children. Second, it may be that nutritional and hormonal conditions during pregnancy are important determinants of growth in utero, 26 but not thereafter. Indeed, during childhood, the growth hormone is considered to have an important role. 39 Besides, there are indications that the effect of genetic factors on height might increase during early life. 40 Finally, it is possible that maternal vitamin D deficiency is particularly relevant if calcium intake is low. So far, the exact mechanisms underlying the possible role of maternal vitamin D on linear growth are unclear, but one of the proposed mechanisms is a possible effect on maternal calcium homeostasis. 13 In the study of Marya et al. 9 dietary calcium intake was low, which might explain the observed effect of vitamin D. Maternal calcium intake was not examined in our study, but research indicates that the mean daily calcium intake among pregnant women in the Netherlands is adequate. 41 Some strengths and limitations of our study need to be addressed. A major strength of our study is the population-based prospective design and large sample size. Bias was reduced as much as possible by the restriction to singleton children with full-term gestation and without dietary restrictions interfering with growth, and by the availability of extensive data on parental and child factors. We were able to adjust for seasonal variation although it could be debated whether this is appropriate. In a previous study, we observed that particularly low levels during summer were associated with maternal psychosocial health. 42 It could be that physiologically low levels during winter only have adverse consequences if this low status occurs throughout the year. Adjusting for seasonal variation allows us to identify the subjects truly at risk for vitamin D deficiency as their standardized values will still be the lowest values. Unfortunately, we were not able to take vitamin D receptor polymorphisms into consideration, although there are indications that estimates of the association between maternal vitamin D status and markers of linear growth may vary between different polymorphisms of the offspring vitamin D receptor. 43 We investigated both leg length and relative leg length. Leg length is an important indicator of environmental influences on growth during infancy and childhood, because the legs grow relatively faster than other body segments. 24, 25 Relative leg length in this respect is a relevant marker for an adverse environment (for example, limited nutrients), leading to competition between body segments. 25 Although the measurements were performed by trained research assistants, measurement errors may have occurred. Observer variability was not examined in our study, but results of other cohorts, the Avon Longitudinal Study of Parents and Children and Fels Longitudinal Study, suggest the differences to be small. 44, 45 We choose to exclude non-Dutch ethnic women. Although variation in vitamin D status would have been larger, confounding effects of ethnicity-related, non-measured factors would have been considerable. As a consequence, however, the external validity of our results may be limited. Although our study population included women of both lower and higher socio-economic status, higher socio-economic status was overrepresented: 62.7% of the women had 410 years of education after primary school. This could explain our observations that maternal vitamin D was positively correlated with higher parental height and more maternal alcohol consumption, and negatively with higher screen time of the child; these factors were all associated with higher educational level in our cohort and may be viewed as indicators of socio-economic status. Interestingly, a high educational level, more maternal alcohol consumption and less child screen time were all associated with smaller height and leg length. A potential explanation for this observation is that children of low socio-economic status experience some kind of 'catch-up' growth in the first few years of life. Observations within a similar Dutch birth cohort support this explanation; in this study lower maternal educational level was associated with faster linear growth and taller height by 14 months of age. 46 In conclusion, in this study no significant association between maternal vitamin D status during early pregnancy and height, leg length or relative leg length at age 5-6 years was found. In the Netherlands, an additional vitamin D intake of 10 mg per day is recommended for expectant women. 38 Although avoidance of vitamin D deficiency during gestation may be beneficial for a number of health outcomes for both mother and child, 47 our study does not implicate that higher vitamin D status during early pregnancy improves early linear growth in children of healthy Dutch women. However, future research examining blood measurements from several time points during gestation may be required to affirm our findings. Furthermore, the effects on linear growth in other ethnic groups remain to be investigated in studies using large sample sizes.
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